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ABSTRACT 

The design and operation of a negative hyperon beam is described. 

Fluxes of 200 X- a.nd 2 E -per 1.5x10 
11 

interacting protons are delivered to 

a double magnetic spectrometer where decay products are analyzed. Hyperons 

are identified by kinematic fitting of their decays. 

I. INTRODUCTIOX 

The use of electronic cletecto?s to study the properties of hypcrons 

with good statistical accuracy has been a goal of high-energy physicists for 

almost a decade. Until recently, however, electronic techniques have not 

supplanted the bubble chamber as the primary tool for studying these short- 

lived particles (licetime -1O-*’ set) because no high-intensity source has been 

available. Jn this paper v;e report on the design, construction, and operation 

of a high-energy negative h>-peron beam and its associated electronic detection 
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system. The beam ~IKI detector have successfully been US& for several 

1 
experiments, 2 inc1udin.q studies of hyperon production, leptonic decays, 

3 4 
isobar production, and elastic scattering. 

A high-energy h!7peron beam is essentially a magnetic channel designed 

to transport the desired particles from their point of production to the detection 

apparatus. The beam components must also shield the detector from undesired 

background radiation, define the momentum of the beam particles, and, ideally’, 

identify beam hyperons before t,hey decay or interact or at least provide a veto 

for less massive unwanted beam particles. The short lifetime of the hyperons 

provides a severe constraint in the design of the beam--a useful fraction of 

the particles must reach the detection apparatus before they decay. For this 

reason, the hyperons must be produced with as high an energy as possible so 

as to maximize the time dilation effect, and the beam must be as short as 

possible consistent with shielding requirements. As an additional benefit, the 

production kinematics are such that as the secondary particle momentum is 

1 increased, the hvperon -to -meson ratio increases, In order to meet these 

requirements at accelc:rntors, one needs a slowly extracted proton beam so 

that the secocdary-beam channel can capture hyperons produced in the forward 

direction and bring them into an accessible low--background region in the 

short distance available. The construction of hyperon beams thus had to 

await the development of useful slowly extracted proton beams. 

II. THE ElYPEl?ON GEAM 

The slowly estrncted proton beam5 at the Brookhaven National 

11 
Laboratory Alternating: Gradient Synchrotron (AGS) provides 3 x10 protons 

of momentum 29 .-I GeV/c per machine pulse at the C’ etiernal target station. 
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The beam size is typically 0.25 in. in diameter. Figure 1 illustrates the 

arrangement for :x.:eting the pr:‘ron beam and the subsequent hyperon beam 

and detector. IIypercns arc produced in a 0.23 x0.23 ~10 in. beryllium tar- 

Ilet located at the e:?trance to a ;)air of 18fI72 magnets. b The magnet gaps 

were reduced to 1 in. using a. cobalt-steel alloy so that fields of over 32 kG 

could he obtained. I? 21 -in. tun[;sten plug located 24 in. downstream from 

the target acted as a beam dump. Reginning 21 in. downstream from the 

first magnet entrance me magnet gaps x’ere filled with brass which served 

as a hadron shield for the detectors. A t,apered channel of radius 1000 in. 

was cut in the brass. This channel is 0.25 in. wide and 0.50 in. high from 

t!le beam dump !o the end of the first magnet. Following a 1 Z-in. long 

straight section in the field free region bet\!-een magnets, the channel tapers 

to 0.75 in. wide by 0.875 in. high at the end of the second magnet. Primar3 

protons \:,hich have not interacted in the target or which ha\.-e quasi-elastically 

scattered arc bent al’;ay from the channel into lhe beam dump. Segative 

parti,cles produced i7 t!le ticisirrd solid angle and momentum bite are trans- 

ported by the ch:innel lo the detectors located after the magnets. The channel 

has a solid angle acceptance of 224sr and a momentum acceptance of approsi- 

mately 10% ( FLVIIN). The total path length from the target to the channel 

exit is 172 in. ?vith a 1(.4O bend. 

In the design of the magneti,c channel, careful consideration vzas given 

to the problem of muons produced by pions v.hich decay before being absorbed 

in the beam dump. T!lese muons nre ,, ~:cnerally of lower momentum than those 

acceptcti by the cl~nrlnol. They arc clcflcctcd away from the cllanncl by the 
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magnetic field. 1Towe~~er. near the return yokes the magnetic field changes 

direction, and the lower energy muons are deflected back towards the chan- 

nel. This effect results in muons oscillating between the main field and the 

return yokes as they travel, downstream through the channel magnets. L4 

muon of a given momentum and initial direction oscillates with a characteristic 

phase which determines its direction after it leaves the dcwnstream face of 

the second channel magnet. A careful Monte-Carlo study6 was made to 

calculate the size and direction of the beams of muons which emerge from 

the magnets on either side of the channel opening. The geometry was 

arranged so that these muons are directed away from the detectors. The 

idea of using superconduczing dipoles as channel magnets was rejected 

because the return legs would have been too close to the beam line. Such a 

design would have produced excessive muon fluxes through the detectors. 

The second half of the channel also acted as a threshold Cerenkov 

counter. :Uuminized epoxy-coated brass inserts made the internal channel 

walls reflective. Gas -tight mylar windows covered the channel openings 

between the magnets and at the channel exit; this \-olume was filled with 

Freon 13Ri gas. ’ A 5pm thick pellicle mirror at the channel exit tilted 45O 

to the beam directed light to a 56DVP photomultiplier tube. The inefficiency 

of the device for pions has been measured to be less than 10 
-3 

A Monte - 

Carlo simulation of the collection of light from this detector predicted a 

minimum of 60 photons reachi,ng the phototube. The index of refraction of 

Freon 1361 tit atmospheric pressure is such that this beam Cerenkov counter 

(CB) ins sensitive to particles of mass less than about 1 GcV. As a result we 
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can tag unwanted ibeam pions, kaons, and electrons with high efficiency. -4 

scintillation counter (V ) placed at the downstream end of the detector pro- 
77 

vided an additional veto for stable beam particles. 

A high pressure, high-resolution spark chamber is located immediately 

following the channel esi.t. This chamber has been described in detail else- 

where. 
8 It operates at 10 atmospheres and gives a spatial resolution of less 

than 100 (lrn. The cluster used in the hyperon beam measures eight coordinates 

(X,Y,U, X, Y, IT, X, Y)9 and determines the hyperon direction to better than 

0.5 mrad with a minimal decay loss. Assuming a point production target, the 

momentum of beam particles can be determined to better than A%. The high 

resolution cha.mber vas sandv:ic!led between small beam defining tri,gger 

counters (B). 

The short-lived particle beam descmbed above transmits I;- and Z- 

hyperons to the decay region with a decay loss of 99.4% at 23 GeV/c. Muons 

from the beam dump are directed away from the detectors. Unwanted light 

beam particles are tagged in a fashion suitable for use as a veto in a fast 

electronic trigger. The momentum and direction of the emerging hyperons 

are determined to ii% and better than 0.5 mrad respectively. 

III. DETECTORS AND IlYI’EROx IDENTIFICATIOS 

The detection apparatus described below was designed to identify 

hypcrons by their predominant two-body decay modes. Variants of the 

apparatus used to study leptonic decays, isobar production, and elastic 

scattering are c!escriboed elsewhere. 
6,10,11 
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The apparatus is sensiti.vtt to n~i final states from S‘ decay and A”,- 

(AoK-) final states From E- (:! -) decay. T!le final state lambdas are observed 

through their tlecn~s to 77 1,. In each case the final state consists of either a 

neutron and a single relativel~y low momentum negative meson or, when a 

lambda is present, a proton and tro negative mesons. The detection apparatus 

was designed to identify neutrons, protons, and slow negative particles and to 

trigger on the appropriate combinations. 

The detection appzratus is also shown in Fig. 1. Following the high 

resolution spark chamber is a 115-in. long decay region and two conventional 

magnetic spectrometers, Each magnet has a IO-in. gap and is excited to 

approrimatc1.y 13 !:G. The spark chambers located on either side of the mag- 

nets have 0.5-Lmm wire spacing with magnetostrictive readout. Each cluster 

consists of five planes so that ten coordinates (3X, 3Y, 2U, 2~) 
9 

are meas- 

ured at the entrance and exit of each spectrometer magnet. The first magnet 

is used to momentum-analyze the slow negative decay products whi.le the 

second analyzes tha fast protons from lamhtlas. A scintillation counter 

hodoscope (S) is located between the magnets and is used to trigger on slow 

negative decay product;. 

Following the second spectrometer magnet is the apparatus to identify 

high momentllrn (4 5 GeV/c) neutrons and protons. The proton detector 

consists of a cluster of magnetostrictive chambers and trigger counters (P) 

to dctermintr the proto: position after ihe second spectrometer magnet. This 

cluster is follov:etl by a. caloriinclcr (PC1 consistins of iron and sci~ntillator 

santlwichcs, T1li.s calorimeter is rcquiretl lo Iroduce sufficient pulse height 
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to assure t!;e presence of a hadron thus rejecting background muons which 

could cther~wise tri,gger the dctec:ors. 

The neutron dctcctor consists of a set of 5 modules, 
12 

each consisting 

of a 1.25-in. iron p!lte, an XY multiwire proportional chamber vith 1 cm 

wire spacing, and a scintjllation counter. The total amount of material in 

the detector is 1.5 i~nteraction lengths. The neutron interaction point can be 

determined to about 1 cm transverse to the beam direction by studying the 

development of the resulting hadron shower i.n these modules. 
13 

The large 

lever arm between the decay Trcrtes and the neutron detector gives a measure- 

ment of the neutron angle to ‘i mrad. T!le neutron detector also contains a 

neutron calorimeter (XC). In order to discriminate against muons, the neu- 

tron trigger requires a minimum pulse height from this calorimeter, 

IV. DETECTOR OPERATION AND RESULTS 

Two different triggers were used to study the beam fluxes of X- and 

Z - respectively. The C- trigger :-as (see Fig. 1) 

c- =CB. R. 5. pJc 7 
n’ 

that is, a massive hcam particle below threshold in the beam Cerenkov 

counter, a slow negative particle after the first magnetic spectrometer, a 

high-energy neutron and nothin g striking the downstream beam scintillation 

counter veto. The Z- trigger was 

z - :~E, I3 s P PC v 
rr’ 

where in this case a high-ener,T proton rather than a neutron vas required. 

In addition, the apparatus v.‘as triggered on a small frnction of the beam pions 

to provide a convenient normalization and a monitor of the spark-chamber 
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efficiency. Peri.odicall!,, the SpeCtrometer magnets were turned off and the 

beam pions .::ere used to align the spark chambers. For an incident interacting 

intensity of applw:imately 1.5 X 10 
11 

protons per -4GS pulse, the flus emerging 

from the hypcron channel vws about 30,000 ii-, 200 Z-, and 2 E- at a channel 

central momentum of 23 Ge~\~/c. 

The requirement of a massive heam particle and a high-energy neutral 

or positively charged hadron downstream from the decay region provided a 

very clean trigger. Background muons, which can snake through the mag- 

neti~c fields in the beam and spectrometers and SO strike the various trigger 

counters, :‘:ere eifecti;~ely c:liminatetl by the ha&on calorimeters. Figure 2 

depicts a p”lse height spectrum from the neutron calorimeter using incident 

pions of momentum grea,ter than 20 GeV/c. The low-energy tail represents 

muon contamination. This CiLwre illustrates the effectiveness of this calorim- 

eter with an appropriate pulse height requirement for the rejection of muons. 

In order to measure the hyperon fluxes in the beam, the triggered 

events ?:ere reconstructed \l:ith the appropri,ate two -body hypothesis. F‘or 

thi,s hypothesis the informati.on on the neutron interaction point was not used 

for the ?I - triggers. These events are then once overconstrained so that the 

incident beam particle mass can be calculated. The resulting mass spectrum 

is shoxw in Fig. 3. The only cuts made in ohtaining this mass plot were 

fiducial volume cuts, channel phase space cuts to assure that the beam par- 

ticlc ramc from the product:ion tnrxet, a decay vertex cut, and a minimum 

decay angle l~cquirernent of 5 mrntl to allow the decay point to be accurately 

definctl. ;\lmut iO?b 0C the Z:‘ -~* ni;- tl.iggers passed these cuts. X0 kinematic 
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cuts \acl'e m3tie. ‘i‘ilc m:iSS plot indicates an essentially pure 13 - signal tvith 

a resolution of ,-‘i0 iIeV. 

Events Prom :he Z- triggw were reconstructed in a two-step process. 

J?irst a i‘it was matie to l.he hypothesis A0 - - TI p and then to the hypothesis 

z .,> .A’;:- thus giving a four-constraint fit. Spatial cuts, similar to those 

used for the Z - rriggers were also imposed. About 5% of the Z- - -Aon- 

triggers passed t!lese cuts and were reconstructable. Losses resulted from 

upstream decays, ihe extra decay length required for the A’, and the smaller 

solid angle for the (letection of the decay proton. The resulting mass spec - 

trum is sh0v.w in Fig. 4. IIere again the hypercn signal is essentially pure 

with a mass l,esolution of -2 T,IeV. 

The Yale-XAL -BNL hyperon beam has shown its capabilities for pro- 

viding large fluxes of high-energy negative hyperons. The associated detection 

apparatus allov7s the expcrimcnter to select a series of triggers which result 

in a pure sample of reconstructed events \vhicb have been used to study the 

production ant! decay properties of hyperons. 
i-4 
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FIGURE CAPTIOKS 

Fig. 1. Schematic diagram of the high-energy hyperon beam at the BNL AGS. 

Fig. 2. Typical pulse height spectrum from the neutron calorimeter. 

Fig. 3. Typical X - reconstructed mass spectrum. 

Fig. 4. Typical z - reconstructed mass spectrum. 
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